With the Cross-Border Healthcare Directive (2011/24/EU) a mandatory framework was established to foster cooperation on a voluntary basis, within European Reference Networks (ERNs). These networks are composed of centres and healthcare providers. The exchange of knowledge is a central issue in this context. A detailed literature survey was carried out to determine the most important factors affecting information and knowledge exchange, as well as learning, in networks and how this can be supported. New communication technologies are identified as key tools for the European Reference Networks (ERN). This study recommends the elaboration of a systematic knowledge use and knowledge generation plan. The data of this study suggests that the future ERNs will mediate the adoption of the digitised and networked information society in medical practice.
Background
In February 2017, 24 European Reference Networks (ERNs) were established in a European legal framework, of which 23 are dedicated to rare or low prevalence complex diseases or conditions (Table 1 ). More than 300 hospitals and 900 highly specialised teams are participating in the approved ERN. These networks were launched in March 2017 in a context of uncertainty about the way they will operate, due to lack of previous experiences. If European networks had been funded in the past, they were mostly financed for activities dedicated to research and to data collection, not for care. Moreover, they were established between individuals and not between institutions.
To shade light on what the newly established ERNs can, or should, put into place to fulfil their obligations, this article reviews both the legal framework establishing a potential collaboration between healthcare institutions and the conceptual framework of network activities observed in the healthcare field in general. The purpose is to underline the principles which should better be respected to ensure that the ERNs deliver the expected added-value, and finally recommend possible instruments and tools which could promote, nationally and at the European level, the exchange of knowledge and information within and between ERNs, and to support the establishment of collaborative network structures nationally.
The concept of ERNs
With the directive 2011/24/EU [1] of the European Parliament and of the Council on the application of patients' rights in cross-border healthcare (cross-border directive) a mandatory base was established to cooperate in a more structured way and on a voluntary base, in line with the subsidiarity principle, in highly specialised healthcare.
In this Directive, and the ensuing Commission Delegated and Implementing Decisions, the establishment of European Reference Networks (ERN) between health care providers and centres of expertise (CE) was agreed upon. An ERN is composed of at least ten healthcare providers from at least eight different Member States (MS). The overarching aim is to facilitate access to highly specialised health care for patients requiring a concentration of resources or expertise. Because of the low number of patients and medical experts, the lack of knowledge in diagnostics and therapeutic options, as well as because of limited resources, no single MS in isolation will be able to provide access to the best possible healthcare in all areas of highly specialised health care for the residents of their country concerned by rare diseases. The criteria and conditions, which CE and health care providers have to fulfil to become part of an ERN, are determined in the Commission Delegated Decision (2014/286/EU) [2] . The criteria of the implementation, evaluation and the facilitation for sharing knowledge of the ERN are determined in the Commission Implementing Decision (2014/287/EU) [3] (Table 2) .
With the Treaty of Maastricht the European Union (EU) has created a common, free and competitive internal market stipulating the Free Movement of persons and an EU-citizenship [4, 5] . At the European level, three types of EU-interventions are distinguished: market-building policies (e. g. trade, competition, internal market, common commercial policy related rules); market-correcting policies (e. g. EU Structural Funds, the Common Agricultural Policy) and market-cushioning policies (e. g. environmental policies, occupational health and safety).
The market-building policies, with the creation of an integrated internal market, have had the largest impact on the health care policies of the EU and the Member States (MS). In the health care field the EU can only act if the policies of the MS are insufficient and when political objectives are better achieved at community level (principle of subsidiarity). Because of this, the primary competence of the MS for its health care system and its social protection systems, the payment of benefit entitlements of insured persons is enshrined in the social protection system of the state of employment. In the Treaty of Lisbon, health protection is defined as a cross-sectional task in all different policy fields. Support for cross-border healthcare between MS is stated as a special strategic focus area of the EU, whose goal is to increase the complementarity of health care services in the cross-border regions. This takes place in general through bi-and trilateral health care cooperation. In contrast to this type of cooperation, the collaboration envisaged in the context of ERNs is not limited to border regions of a MS, but encompasses the entire territory of the MS (Table 3) .
Patient mobility, within the EU, is based on two EU regulations: Regulation (EC) No 883/2004 [6] on the coordination of national social security systems and the Cross-Border Healthcare Directive 2011/24/EU, which guarantees free movement for all patients of the EU and the control of health care expenditures for MS. Any healthcare expenditure due to cross-border healthcare requires prior authorisation for care interventions with increased planning needs such as hospitalisations. This authorisation needs to be granted by national insurance providers. For outpatient treatments the total amount of reimbursement has to be in line with the expenses of a comparable national treatment (also taking into account some deductions from extra administrative costs). In all MS there are national regulations to balance or take countermeasures to maintain social sustainability ("The European social model in health"). There are no instruments for counter measures at European level.
This unresolved asymmetry between European competition regulations and the need for socially responsible and [7] ) and on the other hand patients and their families, including the patient organisations. These stakeholders are supported in their common cause to improve access to highly specialised care by the European Commission. Some MS however have reservations concerning the establishment of the ERNs, but nevertheless 25 EU Member States plus Norway decided to authorise the participation of their health care providers in the call for ERNs. At present, individual cross-border patient mobility takes place on a small scale. According to the results of Eurobarometer in May 2015, entitled "Patients' rights in cross-border healthcare in the European Union", only 2% of EU citizens took the decision to receive treatment abroad. So the consequences and the potential financial burden associated with the establishment of the ERNs cannot currently be assessed by MS [8] . Therefore, it will be indispensable for the political and medical success of the ERNs to find a balance between the free internal market and "the European social model in health". At the same time, there remains a risk that the desperate hopes of patients will be dashed. Due to the heterogeneity of healthcare systems with different financial opportunities and resources, the prior authorisation system (the prerequisite for treatment within an ERN) might increasingly be perceived as a problem for patients' access. Here, particularly, the European and national patient organisations will play a bridge-building role in the future to improve patients' awareness and understanding of these regulations.
ERN for rare diseases
Directive 2011/24/EU acknowledges explicitly, in Art.12 and Art 13., the unique potential of ERNs for the rare disease (RD) field. The EUCERD adopted Recommendations on Rare Disease European Reference Networks on 31 January 2013 [9] , and an addendum to these recommendations on 10 June 2015 [10] .
The primary purpose of these Recommendations was to "help focus on the specificities of rare diseases and the criteria for the establishment and evaluation of ERNs in the field of rare diseases". The purpose was to support as far as possible the use of information and communication technologies to ensure remote access to specialised healthcare when needed, and to organise the mobility of expertise and knowledge in order to facilitate patients' care close to their homes, while providing solutions for all patients, whatever their disease.
The concepts of information and knowledge exchange
Without prejudice to the importance of the above issues, the relevant question is how information and knowledge exchange, as well as learning, can be structured and organised within ERNs. These concepts play a central role in the success of networks. The declared objective of an ERN is, that at first scientific findings and specific expertise are exchanged within and between -crossborder -networks, with a view to creating access to highly specialised healthcare at local, regional and national level. This refers in particular to different therapeutic options and good practices concerning a single rare disease or a highly complex health problem (see Annex I, point 4a of the Delegated Decision). It is tacitly assumed that knowledge will be exchanged across borders more easily (even automatically) via network structures [11] . In contrast, at present patients have to travel long distances for their care, often at great expense and under difficult conditions such as separation from their family, language barriers, foreign cultures, as well as many other factors [12] . Information and knowledge exchange in the framework of future ERNs represent a challenge in themselves considering the size of the ERNs, as well as the different cultures, languages and various health systems with heterogeneous administrative and regulatory requirements. Informationand knowledge exchange is foreseen in an area that is resource-intensive and, because of the interdependence of research and care, also very innovative. Therefore, it takes place in a highly competitive area in terms of professional development and scientific careers [13] . This complicates successful information-and knowledge exchange, which will be vital in ensuring the acceptance of these voluntary healthcare networks by all the different players.
Highly specialised knowledge, which necessitates a concentration of resources, is usually rare and certainly not automatically exchanged. Therefore the central question is, which factors influence information-and knowledge exchange as well as learning in networks and how these processes can be supported.
In social sciences, a network is defined as an association of a definite number of individuals connected through social relations (e. g. common interests, providing mutual support and information) of varying depth [14] . Godwin et al. [13] differentiates several types of networks according to the nature of links between the different institutions/organisations of a network (loose or tight, weak or strong, bound or unbound, formal or informal). They can be peer structures (networks composed of CE with a similar specialisation ["enclave structure"]); hub and spoke networks (one or more CEs nested in non-specialised providers (i.e. hierarchical networks)) or organic structures (networks of different kinds of health institutions [i.e. individual networks]), the links of which are less formalised and work together on a voluntary basis.
In the health care field most networks are hybrid, which means the networks are composed of all three types in a different mix. There exists some research on dissemination strategies on information in networks depending on their structure. The design of the dissemination strategies differs i.e. in enclave structures and hub and spoke structures depending on the amount of links between the network members, the concentration of information is within some central actors and depending on the information flow [15] . As most healthcare networks are hybrids and the ERN will be composed of different protagonists, new dissemination strategies will have to be developed. In networks communication, information and knowledge exchange, as well as learning, take place simultaneously and it is difficult to dissociate these two concepts. The Director General of the Directorate General for Health and Food Safety phrased it as follows "Knowledge represents the sharing of information in collaborative networks in settings of increasing complexity and uncertainty" [16] .
In networks, two learning strategies exist: exploration as the experimental search for new competencies or knowledge (including blue sky research) and exploitation as the application and implementation of existing competence and knowledge [13] . Furthermore human knowledge is differentiated in tacit (know-how, mostly unwritten) and explicit knowledge (written, encoded rational knowledge). Tacit knowledge dominates under conditions of competition for internal promotion or the control of resources (e. g. academic and industrial research).
"The Knowledge-Creating Company" [17] is a relevant publication for this topic. In Asian cultures the generation of new knowledge generally develops in a spiral, iterative conversion process of tacit knowledge to explicit, documented knowledge (externalisation) at the level of a group/ team. Personal beliefs (ideals) and formal, abstract ideas/ models form a complementary, dynamic balance. The generation of knowledge results from the exchange of tacit and explicit knowledge in group processes of knowledge. These include practitioners who work on the ground and function as knowledge engineers/facilitators by converting the different forms of knowledge in such a way that knowledge officers such as top managers can pilot the entire knowledge generation process. In the Western tradition the main focus is on explicit knowledge. The conversion of implicit to explicit knowledge in healthcare can be supported by personal reports, case-books and clinical reports. Sir Muir Gray [18] defines knowledge as "information organised for action". According to him 10% of healthcare organisations are defined by the structure of bureaucracy, 40% by the medical field/system and 50% by leadership. Therefore, the role of leadership [19] has the greatest impact on changing healthcare organisations and is the most important lever for the generation of knowledge and change [14, 15] . The number of hospital alliances in health care has significantly increased over the past years with the primary objective of pooling resources (sharing of equipment, expertise, costs, operations and human resources) [20] . However, the expected benefits were reaped in less than only 50% of the alliances examined. What seems to be important for the success is the capacity of networks to coordinate and maintain concerted efforts. This assumption is also confirmed by other publications from the UK National Health Service [21] and Lega [22] .
Another important influencing factor in the area of information and knowledge exchange, as well as learning, is the durability of knowledge. New digital media and technologies have fundamentally altered this dimension of information and knowledge exchange [23] , that is why the half-life of knowledge has decreased significantly. Learning (of valuable knowledge) has become a perpetual process, which no longer only activates the individual's knowledge, but relies more and more on the capacity of the individual to connect and newly evaluate external human sources such as other experts and non-human sources of knowledge such as databases, also called nodes, in a constantly changing environment. The daily evaluation of connections and connectivity becomes more important than our current state of knowing/knowledge. The capacity to evaluate which sources of knowledge (nodes) should be linked together by a connected individual is, according to the learning theory of George Siemens [24] , itself a learning process. The individual determines and cares for his own learning networks/nodes. Here the connections which are of different quality (loose/tight) become more important than the content. Crucially, a constant external and internal exchange between human and non-human sources occurs and evolves.
Some publications suggest that there is a shift to a more open and inclusive society -a society which is driven and influenced by information from the World Wide Web [24] . The dividing lines blur between "lay persons" and "experts", between "individual" and organisation/institution, between "public" and "private", between "virtual" and "real" as well as between "national, European and global" [25] . So, the roles and functions of the different players have changed, e.g. from the passive role of patients and their relatives to the active role of decision makers and "expert lay people" in the field of RD. For many RD there are no treatment protocols, medical guidelines and causal therapies. Patients and their families researching their own disease until a diagnosis is made (and beyond) have become a valuable, additional source of specific knowledge. Therefore, patient organisations should be given the role of acting as mediators between the different players in the multidisciplinary networks. For example, they have the opportunity to contribute to the knowledge generation via social media.
In addition to technically assisted networking, new digital phenomena like crowdsourcing arise, which are also developing in healthcare. For example, external and internal multidisciplinary experts are connected via a secure, web-based interface (crowdsourcing international expertise) in 26 different European countries and contribute to diagnosing rare genetic syndromes of multiple congenital anomalies [26] . Ranard et al. [27] call for the speedy development of standards and guidelines in this context. Also in patient networks first studies point out, that social media as Facebook, YouTube and Twitter are more frequently used than instructive data. Here, too, the phenomenon of crowdsourcing emerges, which should be closely investigated by scientific methods and analyses.
The importance of personal contacts for the exchange of tacit knowledge based on trust was emphasized above all. These processes can be reinforced by the exchange of personnel, placing staff on each other's site, joint decision making bodies between organisations at the operational level, best practice exercises, development of standards for operations as well as common protocols and guidelines [13] .
Hierarchical and managerial network structures hinder the ability to innovate and learn. Further obstacles to collaborations come from different professional disciplines, competing priorities, different legal obligations, incompatible cultures, personal rivalries and skills deficits.
The collaboration of the future ERN refers to the entire territory of MS, however in a very limited scope of highly specialised healthcare. There is the central premise that first medical expertise will cross the border and that only in a few cases (e. g. for highly specialised interventions, for diagnostic and therapeutic measures which are not available in the "home country") the patient will travel. So in most of the cases the treatment of the patient occurs in the health system the patient belongs to. This way, the different administrative and legal framework conditions should not so much impact the overall process. The provision is made that the MS that are part of the Board of Member States -a steering committeeensure that the activities at the European level adhere to national requirements and regulations of the MS. This board officially designates the ERN. As medical experts are used to exchanging knowledge with each other in English, especially in research in this highly specialised field of expertise, cultural and linguistic differences should not have such an impact. Further differences are of note: it is envisaged that cross-border communication takes place primarily via IT media such as videoconferences for which there is little experience. Also, there are a number of unresolved data protection issues and no existing sustainable financing mechanisms. Furthermore, IT-based medical services, like expert advice or remote diagnosis, are currently not refundable. They are neither included in national catalogues of benefits and services, nor does a "fund" exist for such services at European level. Currently common European standards of care are missing in the field of highly specialised healthcare. Each ERN will have to develop common standards (taking into account the national standards).
MS prioritise domestic solutions to cross-border solutions as the latter are seen as challenge for the health system [8] . Policy makers have few reasons and few tools for promoting cross-border collaboration for medical care. There are no standards and the solutions will be complex, context-dependent and specific. Therefore, MS are likely to take an indifferent or reluctant approach to cross-border collaboration. Interventions of the EC to support crossborder collaboration, such as funding of projects, are of limited duration and not always welcome, as they are perceived as interference with the national health systems (« Principle of subsidiarity »). Furthermore, a lack of sustainable funding is hindering the implementation of ERNs. An appropriate level of funding is an essential prerequisite for sharing knowledge and information (learning) in networks. National health systems normally do not include financial incentives for CE to allow them to provide cross-border clinical support. It is still unclear how cross-border coordinative services, beyond the services of the EU financed ITplatform, are going to be funded.
Identified issues to be considered or addressed
Knowing the factors promoting or hindering information and knowledge exchange, as well as learning, among network members, enables recommendations to be established to ensure the success of this new form of healthcare organisation.
Networks in highly specialised health care are hybrid structures composed of several types of networks with different levels of collaboration. There is normally a core of players, who work together based on contracts with clearly defined deliverables. This inner circle can be composed of complementary or similar highly specialised institutions of the same area as well as other stakeholders (e.g. laboratories, patient associations, medical societies). Other collaboration partners, based on statutes, common declarations without financial support, connect to this inner circle and participate in e. g. working groups of networks in the development of medical guidelines, treatment recommendations and protocols. The network coordinator plays a central role as motivator and enabler. He has to be a specialist in handling new media (see Fig. 1 ) and motivating the different network members by showing leadership with clear targets.
The half-life of knowledge has shortened so much that knowledge exchange and learning have become a process which, according to the theory of George Siemens [24] , is not only based on the acquired knowledge of a person, but primarily relies on his capacity to connect various exterior, highly specific, human and non-human sources of knowledge, and to reassess these elements.
The European heterogeneity of health systems promotes creative knowledge generation in this highly innovative field. The generation of new knowledge (exploration) and the application of known knowledge (exploitation) take place in equal parts due to the interdependence of care Fig. 1 Overview of the different instruments used in current networks. Legend: Within the networks numerous instruments for communication and the exchange of knowledge are used. They can be devided into face-to-face and virtual instruments and research, where tacit clinical experience merges gradually with explicit validated knowledge. The requirements for such concepts of knowledge generation and knowledge use in the four areas of medical practice could support the networks to think in a systematic way about what knowledge is generated where and how it can be used.
ERNs can be used as showcase to gain practical experiences with already developed instruments such as patient summaries and E-prescription through pooling the European and National Programmes for e-health in the area of highly specialised healthcare. This is also relevant for other areas such as data exchange, which remains a challenge because of data protection regulations and issues of interoperability. Solutions seem to be mostly specific and not generic.
Pilot e-health projects could be evaluated for their utility for the ERNs, such as the project of the Bertelsmann Foundation [28] to overcome likely language barriers. Interpreters could be consulted via web-based video solutions. In collaboration with the MS, sustainable solutions could be developed, e. g. through structural funds to finance virtual, cross-border, highly specialised care advice services.
A new culture of cooperation might develop at European level and it is expected that the expertise will slowly converge over time. Some research on the macroculture of networks suggests that concentrating on the way these networks produce their core artefacts such as their logo, common publications, collective products or services, will have the most influence on the formation and operation of the network [29] . Core artefacts can be more easily influenced than espoused values or basic underlying assumptions. But this research did not take into consideration the influence of digitisation or crossborder communication in networks. So further research is needed to discover how to stimulate changes in networks' core practical activity. MS and the national players can support the ERN process through e-health projects, by introducing e-services in their national catalogues, by supporting integrated research and care centres and networking of the players.
Academic institutions might consider changing their performance and promotion systems in such a way that a culture of sharing and being a good team player develops, at the same time maintaining some level of beneficial competitiveness.
Successful ERNs will contribute to successful R&D, thanks to the interdependence of research and care in this area, to the development of treatment protocols utilising the knowledge of patients and experts. However it is important to protect the scientific integrity of the scientists/physicians and to secure the public acceptance and trust in these networks by clarifying the role of Industry as a partner of these ERNs. Therefore, an appropriate governance of the ERN activities is necessary [30] . Differences in national reimbursement schemes for diagnostics and treatments and het-erogeneity of the existing healthcare systems are going to remain a source of frustration for the patients that the ERNs will not be able to overcome.
However, the high degree of diversity of the different European health systems with their different financial capacities without common European guidelines might cause some disappointment as expectations are high. Patient associations will be a important players of the newly created ERNs.
Patients and patient associations can connect through the social media, generating practical knowledge and act as "mediator" between different players. They will have an important role as a "bridging" mediator, a capacity in which they should be empowered. Irrespective of the scientific progress in this area, particularly in the area of RD, there are patients for whom there is no causal treatment yet. Therefore, caution should be taken to avoid creating unrealistic expectations. Also, individual privacy rights have to be protected and there is a need to develop new approaches to palliative care.
Conclusion
The best medical centres and faculties of Europe are connecting in 24 networks composed of nearly a thousand of centres of expertise or highly specialised healthcare providers (see Table 1 ). The newly established ERN will have a substantial impact on medical practice. In short, it marks the start of a new era in cross-border cooperation and in healthcare organisation.
ERNs represent the ideal structure for European cooperation and will not impede the overall functioning of the national healthcare systems as long as the focus is on information and knowledge exchange and as long as the patient is only treated in duly justified cases in the "foreign" system.
The main key challenge is to provide evidence of the added value of these networks for all players, in particular the MS. For the first time MS will not only cooperate with one or two MS on the basis of framework agreements and administrative arrangements, but with at least 8 MS whose health systems are different. We need to identify and to monitor indicators of relevance for the individual players, from the beginning, so that the process is assessed. This will be essential to convince stakeholders that the additional efforts involved in the evolution towards a new healthcare organisation, are justified, and to help take countermeasures if necessary.
In the years to come the boundaries between virtual/ real, public/private, institutional/individual and expert/ amateur are likely to blur. We should be prepared to face this change. The Cross-Border Healthcare Directive has established the necessary administrative and legal framework for new practices which will modify the role of healthcare providers. How this will affect their clinical practice and expertise is not known. How this will affect the career promotion system and the balance of competition/cooperation between institutions is uncertain. How the valuable practical knowledge of patients within the social media context will find acceptance and be used for the generation of knowledge in networks is unknown. How patient organisations will become sufficiently empowered remains unclear. Remote management should not affect negatively the need for empathy and individual privacy. The interplay between tacit and explicit knowledge will raise difficulties when defining common standards. Many questions remain unanswered at this point. The ERNs are an opportunity to explore these changes and turn them into assets for patients with unmet needs. If we succeed in promote knowledge exchange in such a way that patients will only be treated in duly justified cases in the "other" MS, then "the European social model in health" can be preserved under the current European treaties. 
